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The increasing market need for low noise level products has led manufacturers of refrigerating compressors to invest
time and financial resources in obtaining adequate projects. A good acoustic project depends first, on the knowledge
and characterization of the main noise sources of the considered system. In the case of a reciprocating compressor,
one of the most important noise source is the admission system that contains the suction valve, suction chamber and
a reactive silencer connected in this chamber. This silencer is necessary to attenuate the noise produced for pressure
pulsation in the suction chamber and also the noise due to the suction valve impact during the functioning. This
work intends to characterize the noise source of the hermetic compressor suction chamber the silencer will attenuate,
and therefore, will define in which frequencies or frequency band the acoustic filter will have its best performance.
For this purpose an experimental apparatus was built in order to allow several tests in different conditions such as,
different valve plate materials, compressor capacity, refrigerant fluid, and operating frequency. Due to dimensional
limitations and high intensity sound field, a piezoelectric pressure sensor was mounted in the suction chamber for
this investigation. The frequency band of the data analysis was set to be between 40Hz and 1.2 kHz. After data
analysis, it was concluded that the noise transmitted for the acoustic attenuator is mostly composed of tone
components of the compressor functioning and frequencies below 700Hz.
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In recent years there has been a growing demand for energy efficient and less noisy household compressors.
Furthermore, consideration of noise and vibration is more crucial for the refrigerator manufacturer because
refrigerators are located indoors and run 24 hours a day.
Although there are many parts connected with performance in reciprocating compressor, a reciprocating compressor
volume efficiency is greatly influenced according to the suction system design. The suction system is usually
divided by structure of the suction and suction muffler system (Kim et al, 2004).
Energy optimization often involves a reduction of the pressure losses in the flow paths of the suction line. A
reduction of these losses can, in many cases, be obtained by increasing the cross-sectional area of the internal tubes
of the muffler. This, however, usually increases the sound power radiated from the inlet of the muffler. In order to
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reduce the noise, which originates from the suction valve movements, the acoustic engineer must be able to gain
detailed knowledge about the source and how the noise is transmitted through the muffler (Svendsen, 2004).
Among the acoustics muffler researchers there are traditionally three ways to characterize the performance of
mufflers. The performance parameters are the transmission loss (TL), noise reduction (NR) and insertion loss (IL),
all of which are dimensionless quantities (Munjal, 1987).
Both NR and IL are useful for experimental validation because they are easily measured. Noise reduction is the
frequency response function of two microphone signals usually located at the inlet and outlet of the muffler.
Insertion loss, on the other hand, is based on sound power rather than sound pressure. Fortunately, in the case of
suction mufflers, where the dimension of the suction inlet is small relatively to the wavelengths usually considered,
the sound pressure in the close vicinity of the object can be used rather than sound power. Thus, IL can be measured
as the ratio between sound pressures.
According to Prasad and Crocker (1981), TL is the most useful performance parameter because both IL and NR are
dependent on the source characteristics. The transmission loss (TL) has successfully been used by Lee et al. (2002)
and Yoshimura et al. (2002).
The sound power transmitted through the muffler is critically dependent on the source characteristics, i.e., source
strength and impedance. There are two important mechanisms for the noise production during the suction stroke.
Firstly, fluttering of the suction valve modulates flow and gives rise to noise of the monopole type. In this case,
when doing acoustic model calculations a velocity boundary condition can be put across the suction hole. Secondly,
noise is generated due to oscillating pressures on the edge of the suction hole and on the surface of the valve. This
generation mechanism is referred to as the dipole type. Howe (1998) has given a comprehensive account of these
mechanisms.
A good acoustic project depends first, on the knowledge and characterization of the main noise sources of the
considered system. In the case of reciprocating compressor, one of the most important noise sources is the admission
system, which is made up of the suction valve, suction chamber and a reactive silencer connected in this chamber.
The project of this muffler must be intrinsically related to the characterization of suction chamber noise.
In the suction system, the valve noise has oscillatory energy transmitted to the outside through pipes and the housing
shell. The compressor valve produces flow oscillations, even if it does not flutter. The valves open, dump mass into
the discharge system or take it from the suction system, close, and after one cycle, open again. The fundamental
frequency component will be equivalent to the rotation speed of the compressor.
This work intends to characterize the noise source of the hermetic compressor suction chamber the silencer will
attenuate, and therefore, to define in which frequencies or frequency bands the acoustic filter must have its best
performance. For this purpose an experimental apparatus was built in order to allow several tests in different
conditions such as, the refrigerant fluid and valve plate material. The results have great importance in the muffler
project, mainly in the optimization design of this system.
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In this work, the suction system of a reciprocating hermetic compressor had its noise measured and characterized in
the frequency domain. In order to know the frequency behavior of the noise produced in the muffler inlet, a pressure
sensor located into the suction chamber was used. Different valve plate materials were used and a comparative
analysis of the sound pressure was made considering different refrigerant fluids. The experimental procedure
considers different valve plate combinations and compressor capacities. The results will be useful in the muffler
design because it is necessary to know in which frequency range the noise should be attenuated.
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The chamber size and the sound pressure level impose special limitations for the sound investigation of the hermetic
compressor. So it was applied a quartz pressure sensor small enough to avoid disturbing the suction system.
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The equipment to measure dynamic and quasistatic pressures is the Kistler model 601A. This device can work at
room temperatures of up to 200ºC. The sensor has small dimensions (diameter no larger than 6 mm), high natural
frequency and works connected to a Kistler type 5011 charge amplifier. It was arranged to be flush with the suction
muffler wall to maintain the original volume of that camera. Figure 1 shows the arrangement.

Suction Chamber

Pressure sensor

Cylinder head

Figure 1- Pressure transducer positioned in the suction chamber.
To avoid leakage in the suction chamber, a rubber ring was used between the sensor and the muffler.
A feed-through terminal was installed in the compressor housing to connect the sensor with data acquisition system.
The sample rate used was 10Ks/s and it was acquired 100.000 points. It was used a loss pass filtering, with cutoff
frequency of 2.5 KHz and Butterworth topology order 3.

Figure 2 – Filter characteristics.
The compressor was installed in a calorimeter to provide constant boundary conditions during the test. Special
software using Labview® was developed to acquire the sensor information, manage the data acquisition parameters
and to save the data.
It was used only one kind of geometry for the valve plate (Figure 3). The influence of the refrigerant gas on the
sound pressure inside the suction chamber was evaluated in function of two VP materials: fine blank and sinter. Due
to the fluid-interaction that occurs in the valve plates, it was interesting to analyze the influence of its material on the
sound pressures.
Three compressor models labeled Model 1, Model 2 and Model 3with different capacities were used. The highest
capacity is Model 1 and the lowest Model 3.
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Suction valve

Valve plate

Figure 3 – Valve plate used in the experimental acoustic characterization of the suction chamber.
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The pressure signal was acquired in the time domain, Figure 4 and the pressure sound was analyzed in 1/3 octave
bands.
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Figure 4 – Pressure behavior in the suction chamber.
The tables below show the global sound pressure measured inside the suction chamber with the pressure sensor in
terms of decibels (pressure reference: 20x10-6 N/m2) for different operating conditions (50 Hz and 60 Hz),
refrigerant fluids (A and B), VP materials (Fine blank and Sinter) and refrigerating capacities (Models 1 to 3).
There are four configurations for the experimental procedure (Tables 1 to 4).
Table 1 – Overall Sound Pressure Level for refrigerant fluid (Fluid A) and 50Hz operating condition.
Model 2
Model 3
63/ G% )OXLG$+] Model 1
Fine blank
167.3
168.8
167.0
Sinter
167.9
170.6
167.8
Table 2 - Overall Sound Pressure Level for refrigerant fluid (Fluid A) and 60Hz operating condition.
Model 1
Model 2
Model 3
63/ G% )OXLG$+]
Fine blank
169.1
170.5
169.0
Sinter
169.1
170.9
170.2
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Table 3 - Overall Sound Pressure Level for refrigerant fluid (Fluid B) and 50Hz operating condition.
Model 2
Model 3
63/ G% )OXLG%+] Model 1
Fine blank
162.4
165.0
158.5
Sinter
159.2
162.5
158.4
Table 4 - Overall Sound Pressure Level for refrigerant fluid (Fluid B) and 60Hz operating condition.
Model 2
Model 3
63/ G% )OXLG%+] Model 1
Fine blank
164.4
167.2
160.0
Sinter
161.1
164.6
162.5
Analyzing tables 1 and 2 regardless of the VP material, it could be observed that there is no significant difference in
the global pressure levels measured between the models. The maximum SPL difference between models is less than
2 dB. Repeatability tests were made with five samples and the same results were obtained for each configuration.
According to tables 3 and 4 it was possible to see that the difference in the overall measured SPL between the
models is more than 6 dB. But there is no significant difference in the SPL when the valve plate material is
compared. For the both fluids the operating condition introduces just small difference in the SPL.
The highest difference in the sound pressure level measured inside the suction chamber is obtained when comparing
both refrigerant fluids. It is clear that in the compressor with fluid A the sound pressure level is higher than fluid B
in about 8 dB. The results are in terms of overall sound pressure levels. In the following figures, the results are given
in terms of frequency domain which allows knowing the frequency range which most contribute to the global SPL.
Figures 5 and 6 show the sound pressure levels normalized by the higher values of the pressure sound in 1/3 octave
bands. Figure 5 compares the three models considered at 50 Hz operation condition using the refrigerant fluid A and
sinter VP. Figure 6 compares the three models at 60 Hz operating condition using refrigerant fluid B and sinter VP.
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Figure 5 – Models comparison considering sinter VP material.

International Compressor Engineering Conference at Purdue, July 12-15, 2010

13313DJH
Models Comparison (60 Hz fluid B)
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Figure 6 – Models comparison considering sinter VP material.
It is easy to note that the main difference between Figures 5 and 6 is the amplitude of the band frequency centered in
50Hz and 63 Hz that corresponds to the operating frequency of the compressor. Comparing both figures, it can be
noted that the curves have the same trend between the models presented in each figure. Therefore, analyzing both
figures, we can see that the most important frequency bands considering noise are centered at 125 Hz, 250 Hz, 315
Hz, 400 Hz and 500 Hz for both cases, characterizing a medium frequency noise. It was also observed that the
sound pressure level inside the suction chamber with Fluid A (Figure 5) has a magnitude higher than the SPL
resulting from Fluid B.
Figure 7 compares the same model with fine blank valve plate with two refrigerant fluids: A and B.
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Figure 7 – Fluid comparison considering the same VP material and compressor model.
Figure 7 shows that the SPL amplitude with fluid B is lower than the SPL amplitude with fluid A throughout the
frequency range. This fact was noted in the previous results. The noise behavior in the frequency domain is the same
for both curves. The spectrum shown in Figure 7 is characterized for medium frequencies. So, the muffler design
must have a high attenuation in these frequency bands, mainly 125 Hz, 250Hz, 315Hz and 400Hz. However, the 125
Hz centered band frequency is already strongly attenuated by hearing sensitivity (A-weighted filter).
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Figure 8 shows that the analyzed valve plate materials are not mandatory for the evaluation of the sound pressure in
the muffler inlet. The SPL difference between each material is not significant.
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Figure 8 –VP material comparison for same compressor model and refrigerant fluid.
Figure 9 confirms that the sound produced inside the suction chamber is dependent on the refrigerant fluid. In this
figure, the SPL was measured without the flow effect (vacuum condition). The frequency bands cited above are the
most sensitive ones for the flow effect. For frequencies higher than 1.2 KHz the pressure levels measured in the
vacuum are inconclusive because the SPL is at the same amplitude considering the flow or not.
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Figure 9 – SPL measurement at vacuum condition considering different VP material (60 Hz).
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In this work, the suction system of a reciprocating hermetic compressor had its noise measured and characterized in
the frequency domain. Due to the apparatus limitation the analysis of SPL should be analyzed up to 1.2 kHz 1/3
octave band. Important aspects in the sound spectrum inside the suction chamber were explored in relation to the
refrigerant fluids, compressor capacity and valve plate materials.
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It could be seen that the trend of the sound pressure curves is the same when comparing the compressor models with
different capacities, using different valve plate materials and different refrigerant fluids.
The main frequency bands in the sound pressure spectrum are 125 Hz, 250 Hz, 315 Hz and 400 Hz. Generally, the
medium frequencies are the most important contributors to the global sound pressure. Then these frequencies must
have the highest attenuation in the muffler design.


120(1&/$785(
IL
NR
TL
VP

insertion loss
noise reduction

transmission loss
valve plate
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